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[57] ABSTRACT 

A circuit arrangement for generating an actuating volt- 
age for a -piezo-electric element (1) of a positioning^ 
device intended for positioning a recording and/or 
reproducing head relative to an information track. A 
control signal whose amplitude is representative of a 
positional error is applied to a signal conversion stage 
(7) in the form of an amplitude modulator. The modula- 
tor output signal is applied to the primary (10) of a 
transformer (11). The piezo-electric element is con- 
nected to the secondary (12) via a bipolar switching 
device (13) which is actuated by a periodic pulse-shaped 
switching signal which, by means of a pulse-shaper 
stage (20), is derived from a carrier signal supplied by an 
oscillator (18). The switching signal corresponds in time 
to only one of the two peak amplitude values of the 
carrier signal and has a pulse width less than half the 
period of the carrier signal. 

16 Claims^ 12 Drawing Figures 
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DEVICE 5 control signal whose amplitude represents a positional 

. . , error into a signal for energizing the primary circuit of 

The invention relates to a circuit arrangement for the transformer is thus effected by an amplitude modu- 
generating an actuating voltage for a piezo-eleciric lator. which is of very simple construction, so that also 
element of a posilionmg device, which is intended in commercially available elements can be used for this 
particular for positioning a recording and/or reproduc- 10 purpose. A periodic signal is applied to the primary 

fng head relative to an information track. A control circuit of the transformer and is transformed to the 

signal which is representative of a positional error is secondary with a satisfactory efnciency, the peak ampli- 

applied to a signal conversion stage, whose output sig- lude values of the secondary voltage then being trans- 

nal IS applied to the primary circuit of a transformer. ferred to the piczo-electric element because the switch- 
The piezoelectric element is connected to the secondary 15 ing device is actuated in synchronism with only one of 

circuit of said transformer via a bipolar switching de- the two peak amplitude values of the carrier signal 

vice, which in Its turn is actuated by a switching signal Thus, the peak amplitude values of the secondary volt^ 

m a specific relauon to the output signal of the signal age are applied in the same way as in a circuit known as 

conversion stage. Such a circuit arrangement is known a "sample-and-hold*^ circuit. This yields a very good 
from Austrian Patent No. 364,548. 20 overall efficiency so that only a comparatively low 

For the deflection ofa piezo-electric element used for power is required for generating the comparatively 

positioning, an. object a comparatively high actuating ^ high actuating voltage. 

voltage is required, which voltage must be derived from ^ It is found to be very advantageous if the signal con- 
a control signal, which m genera! is to be understood to version stage is constructed as a suppressed-carrier 
mean a signal which m some. form contains information- 25 amplitude-modulator. As is known, such an amplitude 
about the error in the position of the object, which error modulator has the property that the phase of its modu- 
is to be eliminated by means of the positioning device. A laled output signal, which in principle has the carrier 
circuit arrangement for generating such an actuating frequency, is inverted if the sign of the modulation 
signal should generate a corresponding actuating volt- signal changes relative to a reference level. In the cir- 
age with a minimal power consumption, i.e. with a 30 cult arrangement in accordance with the invention such 
satisfactory efficiency. In the circuit arrangement an amplitude modulator therefore simply enables con- 
known from the aforementioned AT-PS No. 364,548 a trol signals of either polarity to be processed so as to 
control signal, which m the present case comprises two deHect the piezo-electric element in two opposite direc- 
signal components which appear simultaneously and tions with respect to a rest position. As a result the 
whose mutual phase difference represents the positional 35 positioning range is doubled in comparison with a posi- 
error, is converted into pulses in the signal conversion lioning element that can be deflected in one direction 
stage. These pulses are applied to the primary circuit of only. Alternatively, the same positioning range can be - 
a transformer to whose secondary the piczo-electric obtained without a constant bias of the pie20-electric~ 
element is connected via a bipolar switching device. element, which again would result in a loss of power 
said pulses also being used as the switching signal for 40 In this respect it was also found to be advantageous 
actuating the switching device. Thus, during the ap. for the amplitude modulator be constructed as a ring 
pearance of each pulse power is applied to the_prirnary modulator. As is known a ring modulator is a special 
<side_pf the transformcr,.whieh-resulls in a primary volt- • type of suppressed-carrier amplitude-modulator which 
age which is transformed into a correspondingly high has the advantage that its output signal contains a mini- 
secondary voltage, which is applied to the piezo-elec- 45 mum of side-band frequencies and therefore follows the 
inc element via the switching device for the same time ^ carrier-frequency signal in an optimum manner, which 
interval which is determined by the pulses, so that the also applies to the signal appearing across the secondary 
voltage across said element varies in conformity with of the transformer. Thus, a circuit arrangement in ac- 
thc control signal. The position-control information is cordance with the invention which comprises such an 
then contained in the repetition rate and duration of the 50 amplitude modulator ensures that the sampling instants 
pulses. The construction of a signal conversion stage at which the voltage appearing across the secondary of 
which thus converts such a control signal into pulses is the transformer is transferred to the piezo-eleciric ele- 
comparatively complex and the transformation of the mem and which are determined by the switching signal 
pulse-shaped signal in the transformer is not effected which in its turn is derived from the carrier signal when 
with a satisfactory efficiency. 55 the switching device is actuated by said switching sig- 
It IS an object of the mvention to further simplify the nal. correspond very accurately to the peak amplitude 
construction of a circuit arrangement of the type men- values of said secondary voltage so that a particularly 
tioned m the opening paragraph and to generate the favourable power transfer is obtained, 
actuating voltage with a minimal power consumption, Furthermore, it is found to be favourable if the irans- 
i.e. with a satisfactory efficiency. To this end the inven- 60 former is tuned to parallel resonance for the frequency 
tion IS characterized in that the signal conversion stage of the fundamental wave of the carrier signal. The reso- 
IS an amplitude modulator, to which the control signal nance step-up then provides a further improvement of 
whose amplitude is representative of a positional error the power transfer. 

is applied and to which a periodic carrier signal from an It was also found to be very advantageous for the 

oscillator is applied, which carrier signal has a higher 65 oscillator to supply a sinewave signal. Such a signal, 

frequency than the control signal. A periodic pulse- which in principle comprises only one fundamental 

shaped switching signal for actuating the switching wave, leads to a very favourable power transfer in the 

device is derived from said carrier signal by means of a transformer. 
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However, suitably the oscillator may be an oscillator 
which supplies a sawtooth signal. This greatly simplifies 
the circuit arrangement because oscillators of this type 
are of a very simple circuit design. However, since a 
sawtooth signal contains a plurality of harmonics the 5 
power transfer in the transformer is less favourable than 
in the case of a sinewave oscillator. 

However, the power transfer can then be improved 
still further if the oscillator is an oscillator which 
supplies a symmetrical sawtooth signal. This is because 10 
such a saw-tooth signal has a very distinct fundamental 
wave which is transferred effectively by the trans- 
former. 

The choice of the pulse width of the switching signal 
for the actuation of the switching device depends on 15 
various factors. The peak amplitude values of the signal 
across the secondary of the transformer must be sam- 
pled as accurately as possible because they represent the 
instantaneous control signal, which means that the pulse 
width should be minimized. However, the current re- 20 
quired for charging the piezo-electric element to the 
instantaneous peak amplitude value of the voltage 
across the secondary of the transformer increases as the 
pulse width decreases. AIso» phase shifts between the 
switching signal and the output signal of the amplitude 25 
modulator, or the voltage across the secondary of the 
transformer, have a more unfavorable effect because it 
becomes more likely that the actual peak amplitude 
values of the secondary voltage of the transformer are 
no longer sampled. For an optimum compromise be- 30 
tween these conflicting requirements, it was found to be 
advantageous for the pulse width of the switching sig- 
nal for the actuation of the switching device to be of the 
order of magnitude of one tenth of the period of the 
carrier signal. 35 

There are various uses, such as for example in the 
magnetic~recording and/or reproduction of television 
signals, where a plurality of" piezo-electric elements; 
each associated with a separate positioning device, must 
be positioned accordingly. In such as case it is obvious 40 
that a separate circuit arrangement in accordance with 
the invention may be provided for each of these piezo- 
electric elements. It is then particularly advantageous if, 
for generating an actuating voltage for each of at least 
two piezo-electric elements of a corresponding number 45 
of positioning devices, there is provided an amplitude 
modulator, a transformer and a switching device. It is 
also advantageous, for generating a carrier signal, to 
provide for all amplitude modulators a single oscillator, 
and for generating a switching signal for the actuation 50 
of all the switching devices to provide a single pulse 
shapcr stage. The multiple use of the individual circuit 
elements results in a substantial simplification of the 
complete circuit arrangement, ensuring that the differ- 
ent actuating voltages for the individual piezo-electric 55 
elements are generated under substantially similar con- 
ditions because the same carrier signal and switching 
signal are always employed. 

In such a circuit arrangement in which each switch- 
ing device comprises the parallel arrangement of a trail- 60 
sistor with a diode in series with its collector, the two 
transistors are of opposite conductivity types and the 
two diodes are poled in the forward direction relative to 
the relevant transistor and are connected to one end of 
the secondary of the transformer associated with the 65 
relevant piezo-electric element, which element is con- 
nected to the other end of said secondary, as is known 
from the AT-PS No. 364,548 mentioned in the introduc- 
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lion. It is also found to be advantageous to provide the 
two transistors, whose bases receive the switching sig- 
nal in phase opposition, in common to all the switching 
devices, but then two separate diodes are provided for 
each of the switching devices. All diodes which are 
poled in the same direction are each arranged in series 
with the collector of the relevant transistor. This also 
enables a multiple use of individual elements of the 
switching devices, which results in a further simplifica- 
tion of the complete circuit arrangement. 

For a simple design of the circuit arrangement it was 
also found to be advantageous for the switching device 
to be a triac whose hold current is larger than the maxi- 
mum current which flows through the triac when the 
piezo-electric element is actuated. In this way the bipo- 
lar switching functions are obtained by means of a sim- 
ple circuit element, the special mode of operation se- 
lected for the triac ensuring that its bipolar switching 
function is maintained only during actuation by the 
switching signal and docs not continue until the voltage 
applied to it has decreased to the value zero. 

For a simple circuit design it was also found to be 
advantageous for the switching device to be a bridge- 
rectifier circuit of which one diagonal is arranged be- 
tween the secondary of the transformer and the piezo- 
electric element and the other bridge diagonal includes 
a transistor driven by the switching signal. 

Embodiments of the invention will now be described 
in more detail, by way of example, with reference to the 
drawings. 

FIG. 1 is a block diagram of a circuit arrangement in 
accordance with the invention for generating an actuat- 
ing voltage for a piezo-electric element of a positioning 
device. 

FIGS. 2a to 2e are waveform diagrams tp explain the 
operation of a circuit arrangement as shown in FIG. 1. 

FIG. 3 shows the circuit diagram of a ring modulator 
which is suitable for use in a circuit arrangement as 
shown in FIG. 1. 

FIGS. 4<7 to 4« are waveform diagrams to explain the 
operation of a circuit arrangement as shown in FIG. 1, 
comprising a ring modulator as shown in FIG. 3. 

FIG. 5 shows a part of the circuit arrangement in 
which the transformer is a push-pull transformer. 

FIG. 6 shows a part of the circuit arrangement in 
which the transformer is energized from a low-imped- 
ance source. 

FIG. 7 shows a version of a bipolar switching device 
comprising two transistors and two diodes. 

FIG. 8 shows a version of a bipolar switching device 
employing a triac. 

FIG. 9 shows a version of a bipolar switching device 
arranged as a bridge-rectifier circuit. 

FIG. 10 shows a version of a pulse-shaper stage oper- 
ating as a threshold device. FIGS, llo to 11c show 
waveform diagrams to explain the operation of a pulse 
shaper stage as shown in FIG. 10. 

FIG. 12 shows a circuit arrangement for generating 
an actuating voltage for two piezo-electric elements 
which each belong to one positioning device. 
vtIn:the block_diagram shown in FIG. 1 a piezo-electric- 
element, hereinafter referred to as piezo-elcmcnt, of a 
positioning device is represented as a capacitance 1. 
Such a piezo-element may comprise for example two 
strip-shaped layers of a piezo-electric material whose 
length changes upon application of an electric field in 
the opposite direction, which results in a deflection of 
the piezo-elemeni. These two layers are arranged on a 
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-common conductive layer and on the sides facing the is customarily higher than that of Ihe modulation signal 
latter layer electrodes are arranged which have electri- is applied from an output 17 of an oscillator 18 to a 
cal connection pomts designated 2 and 3 in FIG. 1. further input 19 of the signal conversion suge. The 
Electncally a piczo-element between said connection output signal at the Output 8 of the signal conversion 
points 2 and 3 behaves as a capacitance. If sucn a piezo- 5 stage 7 is then an amplitude-modulated signal, the peak 
element is clamped at one end and an actuating voltage amplitude values of the carrier signal being represenu- 
is applied to the connection points 2 and 3. the element tive of the original control signal. Via the amplifier 9 
will deflect in proportion to this actuating voltage, as a this output signal is applied to the primary circuit 10 of 
result of which the free end of the piezo-clemeni per- the transformer 11 and is transformed to the secondary 
forms a translational movement and its position changes 10 circuit 12. Since the periodic carrier signal is predomi- 
accordingly. An object arranged on this free end of the nant in the signal to be transformed, the transformation 
piezo-element can thus be brought mto a specific posi- in the transfonner 11 is effected with a very high effi- 
tion. Such an object may be a magnetic head which can ciency 

then be positioned, relative to an information track, by Furthermore, a periodic pulst-shaped switching sig- 
- means of the position device so as to follow this track: 15 nal, which corresponds in time to only one of the two 

peak amplitude values of the carrier signal and whose 
The actuatmg voltages required for such piezo-cle- pulse width is smaller than half the period of the carrier 
ments are comparatively high and are of the order of signal, is derived from the carrier signal via a pulse- 
magnitude of 150 V. Tlierefore. a comparatively high shaper stage 20 for actuating the switching device 13 
power IS required for generating such an actuating volt- 20 The input 21 of the pulse-shaper stage 20 is connected to 
age. which may be particularly unfavourable in the case the output 17 of the oscillator, the output 22 of said 
of a battery-operated apparatus. In order to solve this stage being connected to the control input 16 of the 
the circuit arrangement of FIG. 1 is provided, which is SN\ntching device 13. Since the pulse-shaped switching 
of a very simple circuit design. signal supplied by the pulse-shaper stage 20 is derived 

The object to be brought into the desired position by 25 from the carrier signal and corresponds in time to a 
means of the positioning deviceis adjusted by means of specific amplitude peak value of said carrier signal, the 
a control signal whose amplitude is representative of the ^ switching device 13 is actuated at the very instants at 
instantaneous positional error of the object relative to ^ which the voltage across the secondary 12 of the trans- 
Its nominal position. The circuit arrangement shown in former 11 also reaches an amplitude peak value in con- 
FIG. 1 converts such a control signal into a correspond- 30 formity with the carrier signal which is amplitude- 
ing actuating signal for the piezo-element. For this pur- , modulated with the control signal. In this way the peak 
pose the control signal is applied to the input terminal 4 amplitude values of the voltage across the secondary 12 
of the circuit arrangement from which, if required after ' of the transformer, which values are always representa- 
amplification in an amplifier 5, it is transferred to the tive of the control signal, are used to influence the volt- 
input 6 of a signal conversion stage 7. The output signal 35 age across the capacitance of the piezo-element. As a 
appearing at the output 8 of the signal conversion stage - result the deflection of the piezo-element is in confor- 
7, if necessary after amplification in the amplifier 9, is mity with the instantaneous control signal, 
applied to the primary circuit 10 of the transformer 11. - Preferably, the transformer is tuned to parallel reso- 
By means of this transformer 11 the output signal of the nance for the frequency of the fundamental wave of the 
signal conversion stage 7 is transformed into a corre- 40 carrier signal, which can be achieved by parallel con- 
spondingly high voltage which appears across the sec- nection of a suitable capacitor 23 to the secondary 12. 
ondary circuit 12. Within specific time intervals, this Thus, in the transformation of the amplitude-modulated 
voltage across the secondary circuit 12 of the trans- signal, which is based on the signal of carrier frequency, 
former 11 is transferred to the capacitance 1 of the the resonance step-up for the carrier signal may be used! 
piezo-element as the actuating voltage for this element 45 so that a particulariy high efficiency is obtained. Since 
by means of a bipolar switching device 13, whose the fundamental wave of the carrier signal is then trans- 
switching path, which extends between its terminals 14 ferred with preference, the peak amplitude values of the 
and 15 and in which current can flow in either direction, signal across the secondary of the transformer corre- 
is arranged between the secondary circuit 12 and the spends in time to the peak amplitude values of the car- 
connection point 3 of the piezo-element. aThe time inter- 50 rier signal with a high accuracy. As the switching signal 
vals in which said voltage is to be transferred are de-- has been derived from the carrier signal, the switching 
fined by a switching signal for the actuation of the device is actuated accurately in step with the peak am- 
switching device 13, which signal is applied to the con- plitude values of the signal across the secondary of the 
trol input 16 of this device and then causes the impe- transformer. This also means that the peak amplitude 
dance of the switching path of the switching device to 55 values of the signal across the secondary of the trans- 
become low for one of the two current flow directions. former, which values arc representative of the control 
Thus, by means of this switching device 13 it is possible signal, are transferred correctly to the capacitance of 
either to transfer electric charge from the secondary the piezo-element in order to deflect this element. How- 
circuit 12 of the transformer 1 1 to the capacitance 1 of ever, it is to be noted that a capacitor 23 for tuning the 
• the piezo-element or to remove charge from said capac- 60 resonant frequency of the transformer is not strictly 
ilancc. depending on whether the voltage across the necessary, but that its presence further improves the 
secondary 12 is higher or lower than the voltage across operation of Ihc circuit arrangement, 
the capacitance of the piezo-element. For the amplitude modulator any known circuit may 

The signal conversion stage 7 in such a circuit ar- be used. For example, an amplitude modulator 7 may 
rangement is an amplitude modulator, the control signal 65 simply comprise a non-linear circuit element to which 
applied to its input terminal 6 being the modulation the modulation signal and the carrier signal are applied 
signal, which in known manner is modulated on a peri- in series and from which the modulated signal is also 
odic carrier signal. The carrier signal, whose frequency taken in series. The modulation signal of such an ampli- 
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lude modulator may be a control signal whose sign does 
not change with respect to a reference level The rele- 
vant signal waveforms arc shown in the diagrams of 
FIG. 2. Diagram a shows the waveform of a control 
signal, the horizontal axis representing the reference S 
level. Diagram b shows the carrier signal whose fre- 
quency'is higher than that of the control signal. In the 
aforementioned example it may be assumed that the 
control signal comprises frequency components up to 
approximately 1 kHz. In such a case it is advisable that 10 
the frequency of the carrier signal be of the order of 
- magnitude of 40 kllz. Diagram c shows the resulting 
amplitude-modulated signal, which forms the output 
signal of the signal conversion stage 7. As can be seen, 
the periodic carrier signal is predominant in such a IS 
signal so that this signal is transformed by the trans- 
former 11 with a satisfactory efllciency. Diagram d 
shows the periodic pulse-shaped switching signal for 
actuating the switching device 13, which switching 
signal is derived from the carrier signal by a pulse- 20 
shaper stage 20 in such a way that the pulses correspond 
in time to ony one of the two peak amplitude values of 
the carrier signal, namely in the present case the posi- 
tive amplitude peak values. The pulse width of the 
switching signal is selected so that it is approximately 25 
one tenth of the period of the carrier signal, which is 
found to be very effective in practice. As can be seen 
from the diagrams c and d the pulses of the switching 
signal correspond to the peak amplitude values of the 
modulated signal, which also appears across the second- 30 
ary circuit 12 of the transformer 11, because this modu- 
lated signal in principle comprises signal components of 
the carrier signal, from which in turn the pulses of the 
switching signal are derived. Therefore, the switching 
device 13 is actuated by the switching signal when the 35 
modulated signal reaches its relevant peak amplitude 
value. The amplitude peak values of the voltage across 
the secondary 12 of the transformer arc thus transferred 
to the capacitance of the piezo-clcment by the switching 
device 13 as shown in diagram e, the voltage across the 40 
piezo-element either increasing or decreasing as a result 
of the bipolar operation of the switching device, de- 
pending on whether the instantaneous voltage across it 
is smaller or greater than the amplitude peak value of 
the voltage across the secondary circuit 12, Thus, via 45 
the switching device 13 either a charging current will - 
(low from the secondary 12 df ihe transforrncr 11 to the 
capacitance 1 of the piezo-element or a discharge cur-- 
rent will flow in (he opposite direction. In this way the- 
actuating voltage applied to the piezo-element follows -50 
the control signal, said voltage being generated with- a 
high efllciency and by means of a simple circuit. 

Another very advantageous version of an amplitude 
modulator which may be used in the circuit arrange- 
ment shown in FIG. 1 is a ring modulator, whose circuit SS 
diagram is shown in FIG. 3 and which is commercially 
available under the type designation TCA 240. This 
ring modulator comprises two differential amplifiers 
which each comprise a pair of transistors 24, 25 and 26, 
27 respectively. The emitters of these transistors are 60 
interconnected and their collectors are cross-coupled to 
two load resistors 28 and 29, from which the modulator 
output-signal can be taken. The output signal is taken 
from the load resistor 28 in the present case. A reference 
level from a voltage divider 30 is applied to the bases of 65 
the transistors 24 and 27 and the modulation signal, in 
the present case the control signal, from the input 6 is 
d.c. coupled to the bases of the transistors 25 and 26 
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because the control signal may comprise a d.c. compo- 
nent. Transistors 31 and 32 are arranged in series with 
the emitters of the transistors 24. 25 and 26, 27, respec- 
tively of these two differential amplifiers. The emitters 
of said transistors 31. 32 are coupled to each other via a 
resistor 33 so that these two transistors operate as a 
further differential amplifier. The bases of the transis- 
tors 31 and 32 are connected to further voltage dividers 
34 and 35 respectively for adjusting their operating 
points. The carrier signal from the further input 19 is 
applied to the base of the transistor 32 via capacitor 36. 
Moreover, current-source transistors, 37 and 38 are 
arranged in series with the emitters of the two transis- 
tors 31 and 32, respectively. 

In such a circuit arrangement the carrier signal ap- 
pears in phase opposition at the collectors of the transis- 
tors 31 and 32, which is then alternately modulated with 
opposite phase by the modulation signal in the transis- 
tors 24, 25 and 26, 27 of the two differential amplifiers. 
In this way an amplitude-modulated signal appears at 
the output 8 of the ring modulator, which signal essen- 
tially comprises only two components, namely the sum 
signal and the difference signal of the carrier signal and 
the modulation signal, the carrier signal itself being 
suppressed. As is known, such a modulated signal has 
the property that its phase is inverted when the sign of 
the modulation signal changes relative to a reference 
level. This has the advantage that the ring modulator 
can process a control signal whose polarity changes 
relative to a reference level, depending on whether a 
positional error occurs in one or the other direction 
relative to a rest position of the piezo-element, so that 
the piezo-element can be positioned in either direcdon. 

The relevant signal waveforms are shown in the dia- 
grams of FIG. 4. Diagram a shows the waveform of the 
control signal, the horizontal axis forming the reference 
level. A control signal is shown which initially has a 
positive amplitude, then a negative amplitude and again 
a positive amplitude. Diagram b shows the carrier sig- 
nal and diagram c the amplitude-modulated signal with 
suppressed carrier. The ordinates 39 and 40 represent 
the instants at which the sign of the control signal 
changes, diagram c showing that at these points the 
phase of the modulated signal changes. Diagram d 
shows the periodic pulse-shaped switching signal which 
is applied to the switching device 13 and which is again 
derived from the carrier signal by the pulse-shaper stage 
20 in such a way that its pulses correspond in time to 
only one of the two peak amplitude values of the carrier 
signal, in the present case the positive peak amplitude 
values. In this way it is again achieved that the pulses of 
the switching signal appear at instants which corre- 
spond to the peak ampUtude values of the modulated 
signal because this largely follows the carrier signal. 
However, since upon a change of the sign of the control 
signal the phase of the modulated signal changes, this 
means that in the case of such a change of phase the 
pulses of the .switching signal appear at instants which 
correspond to the peak amplitude values of opposite 
sign of the modulated signal, as can be seen by compar- 
ing the diagrams c and d. In the circuit arrangement 
shown in FIG. 1 this means that the sign of the voltage 
across the capacitance of the piezo-element can also 
change, depending on the control signal,' as can be seen 
in diagram c. Thus positional errors in two directions 
relative to a rest position of the piezo-element can be 
compensated for. 
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Some further embodiments of the circuit arrange- 
ment shown in FIG. 1 will now be described hereinaf- 
ter. 

FIG. 5 shows a version of the transformer 11 which 
functions as a push-pull transformer with respect to its 
primary circuit 10, which in the present case is ener- 
gized in phase opposition at the collector side of two 
transistors 41, 42. Consequently the output signal of the 
amplitude modulator must be applied to the bases of the 
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maining cut-off. The diodes 47 and 4S serve for voltage 
protection of the relevant transistor 45 or 46 when that 
transistor is in the cut-off state. In this way current flow 
in either direction is possible via the switching device 
13, one of the two transistors 45 and 46 being always cut 
ofT. 

FIG. 8 shows a very simple circuit for a switching 
device 13 comprising a triac 52 connected between the 
terminals 14 and 15 of the switching device and whose 
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two transistors 41. 42 m phase opposiiion, which is 10 control electrode receives the switching signal from the 



simply possible in the case of a ring modulator as shown 
in FIG. 3 in that the second signal of opposite phase is 
taken from the load resistor 29. 

The primary of the transformer 11 may be energized 
either from a high^impedance source or from a low- 
impedance source. The first-mentioned case occurs if 
the primary circuit of the transformer is for example 
energized from the collector of a transistor. Energisa- 
tion from a low-impedance source is effected in the 
circuit arrangement shown in FIG. 6 in which the pri- 
mary circuit 10 of the transformer 11 is connected to the 
emitter of a transistor via a capacitor 43. The amplitude- 
modulated signal is applied to the base of said transistor. 
If the transformer 11 is tuned to parallel resonance at 



control input 16 via a capacitor 53. The triac is operated 
in such a way that its hold current is larger than the 
maximum current which flows through it when the 
piezo-element is actuated, which ensures that its bipolar 
15 switching function is only maintained when it is actu- 
ated by the switching signal and does not continue until 
the voltage applied to it has decreased to the value zero. 

In the circuit arrangement shown in FIG. 9 the 
switching device 13 comprises a bridge-rectifier circuit 
20 54, 55, 56 and 57, in which one bridge diagonal is ar- 
ranged between the terminals 14 and 15 of the switching 
device. The other bridge diagonal, includes a transistor 
58 which is driven by the switching signal. The switch- 
ing signal is applied to the base of the transistor 58 via a 
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the frequency of the fundamental wave of the carrier 25 transformer 59 whose primary circuit 60 is connected to 
sienal bv means of a canaciinr M fhp fu/n mfthr\fic r^f tu^ — 1 : * <r 1 ...t. , . ^_ . 



Signal by means of a capacitor 23, the two metliods of 
energization of the transformer described in the forego- 
ing have different advantages, depending on the circuit 
design. In the case of energization from a high-imped- 
ance source the power consumption is lower but devia- 
tions from the tuning as a result of tolerances of the 
circuit elements are greater because phase differences 
between the switching signal and the signal across the 
secondary of the transformer may occur. As a result the 
actual amplitude peak values of the last-mentioned sig- 
nal are no longer sampled so that the actuating signal 
for the piezo-elcment is no longer perfectly propor- 
tional to the control signal. Therefore, this method will 
' be adopted if resonance tuning is possible in a simple 



the control input 16 and whose secondary circuit 61 is 
connected to the base-emitter junction of the transistor 
58. When transistor 58 is turned on by the switching 
signal, current flow between the terminals 14 and 15 is 
30 possible in either of the two directions via the bridge 
branches 54 and 55 or 56 and 57. 

FIG. 10 shows a circuit diagram of a pulse shaper 
stage 20 which takes the form of a threshold device. It 
comprises an operational amplifier 62, to whose input 63 
35 a threshold voltage from a voltage divider 64 is applied. 
The other input 65 of the operational amplifier is con- 
nected to the input terminal 21 of the pulse-shaper stage 
20 to which the carrier signal is applied. TTie output 66 
of the operational amplifier is connected to the output 



K---- — — e> — .1. a oi.iijjui in^ yjyci Auunm ampiiiicr IS connecteo to tnc output 

manner. Energization from a low-impcdance source 40 terminal 22 of the pulse-shaper stage, Thus, pulses are 
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requires more power, but the deviations from the reso- 
nance tuning arc smaller because the phase difference 
between the two aforementioned signals are smaller. 
Such a method is therefore selected if resonance tuning 
is not readily possible. 

FIG. 7 shows a circuit diagram of a switching device 
13. It comprises the parallel arrangement of the transis- 
tors 45 and 46 with the diodes 47 and 48 arranged in 
scries with this respective collectors. The two Iransis 



generated, in known manner, which pulses appear when 
the signal applied to the input 65 of the operational 
amplifier exceeds the threshold voltage defined by the 
voltage divider 64 and applied to the other input 63 of 
45 the operational amplifier. The relevant signal wave- 
forms arc shown in the diagrams of FIG. 11. Diagram a 
shows the carrier signal, the broken line 67 representing 
the threshold level. It is assumed that the carrier signal 
is a sinewave signal which in the present case is particu- 
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tors 45, 46 are of opposite conductivity types and the 50 larly suitable. The carrier signal is particulariy suitable 
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diodes 48, 47 are poled in the forward direction relative 
to the relevant transistors 45 or 46. This parallel ar- 
rangement, which is connected to the terminal 14 and to 
the terminal 15 of the bipolar switching device 13, con- 



fer transformation in the transformer 11 during funher 
processing in the circuit arrangement shown in FIG. 1 
since it comprises only one fundamental wave. Diagram 
b shows the pulses obtained by means of the pulse- 



— ^. w.w w^vivt u :>nuwi, inc puises oDcainco oy means 01 the pulse- 
suiutes Its switching path. The switching signal from 55 shaper stage 20, which pulses correspond in time to 
the control input 16 is applied to the bases of the two only one of the two peak amplitude values of the carrier 
transistors 45 and 46 in phase opposition, for which signal and have a pulse width which depends on the 
purpose there is provided a transformer 49 whose pri- selected threshold level, so that this pulse width can be 
mary circuit 50 is connected to the control input 16 and chosen in a very simple manner. In the present case the 
whose secondary circuit 51 is arranged as a push-pull 60 pulse width is selected to be comparatively small so that 
winding. The centre lap of winding 51 is connected to the pulse substantially coincide with the actual peak 
the emitters of the two transistors 45 and 46 and the coil amplitude values of the carrier signal, yet large enough 
terminations are connected to the bases of the transis- that these amplitude peak values are also processed in 
tors 45 and 46 respectively. In this way the switching the case of deviations of the peak amplitude values from 
signal can turn on the transistors 45 and 46 in order, that 65 the specified carrier signal waveform. Diagram c shows 
transistor being driven into conduction which is poled a carrier signal having a symmetrical sawtooth wave- 
in the forward direction for the polarity of the voltage form and shows that the desired switching signal can 
across the terminals 14 and 15. the other transistor re- again be derived from such a carrier signal by means of 
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the pulse-shaper stage described in the the foregoing. pulse-shaper stage 20, are common to the two switching 
Such a carrier signal, which can be generated by means devices 13, whereas the two diodes 47 and 48 are pro- 
of a simple oscillator, is also particularly suitable for vided separately for the two switching devices 13, the 
processing in the circuit arrangement shown in FIG. I two equally poled diodes of the four diodes 47 and 48 
because it comprises a distinct fundamental wave which 5 being arranged in series with the collector of relevant 
can be transformed with good efficiency in the trans- transistor 45 or 46. In this way the two transistors 45 
former II, in particular if the transformer is tuned to and 46 may be common to the two switching devices 13 
parallel resonance for said fundamental wave. How- so that only the two diodes need be provided separately 
ever, in principle asymmetrical sawtooth waveforms for the two switching devices, which again results in a 
also may be employed as carrier signals. It is obvious 10 simplified circuit arrangement. 

that various other possibilities may be adopted for a The operation of such a circuit arrangement for gen- 
pulse-shaper stage which generates pulses which are in erating two actuating voltages for two piezo-elements is 
a specific relationship to another signal, as in the present similar to the circuit arrangement described with refer- 
case. ence to FIG. 1. In a similar way such a circuit arrange- 

In the embodiment shown in FIG. 12 an actuating 15 ment may be extended for the generation of more than 
voltage is generated for two piezo-elements which each two actuating voltages for more than two piezo-ele- 
belong to a positioning device, several of the required ments associated with a corresponding number of posi- 
circuit elements being utilised twice so that the circuit tioning devices. 

arrangement is simplified. Each of the two piezo-ele- As is evident from the foregoing, a number of modifi- 
ments, which are again represented by a capacitance 1, 20 cations to the embodiments described are possible with- 
is used in combination with an amplitude modulator 7 out departing from the scope of the invention, in panic- 
forming the signal conversion stage, a transformer 11 ular as to the design of the amplitude modulators, but 
and a switching device 13. For generating a carrier also for the other circuit sections, 
signal one oscillator 18 is used for both of the amplitude What is claimed is: 

modulators and for generating a switching signal for 25 1. A circuit arrangement for generating an actuating 
actuating the two switching devices 13 one pulse shaper voltage for a piezo-electric element of a positioning 
stage 20 is used. The separate control signals for each' device, said circuit arrangement comprising, means for 
cpiezo-element are again to be applied to input terminals appljring a control signal which is representative of a 
4, the control signals being applied to the corresponding positional error to a signal conversion stage, means for 
amplitude modulator 7 as modulation signals via ampli- 30 supplying an output signal of the signal conversion 
fiers 5. From the output 17 of the single oscillator 18 the stage to the primary circuit of a transformer, means 
carrier signal is applied to the inputs 19 of the two am- coupling the piezo-electric element to a secondary cir- 
plitude modulators 7. The output signals appearing at cuit of said transformer via a bipolar switching device, 
the output terminals 8 of the amplitude modulators 7 are means for actuating the bipolar switching device by a 
each amplified in a transistor 68, whose collector cncr- 35 switching signal having a specific relation to the output 
gizes the primary circuit 10 of the transformer 11 associ- signal of the signal conversion stage, characterized in 
ated with the relevant piezo-element. The connection that the signal conversion stage comprises an amplitude 
points 3 of the piezo-elements are connected directly to modulator to which the control signal is applied, an 
one end of the secondary circuit 12 of the transformer oscillaior for applying a periodic carrier signal to said 
11 and their connection points 2 are connected to refer- 40 amplitude modulator, said carrier .signal having a higher 
ence potential. The terminals 14 of the switching device frequency than the control signal, and a pulse-shaper 
13 are connected to the other end of the secondary stage responsive to said carrier signal for developing a 
circuit 12 of the relevant transformer 11 and the termi- periodic pulse-shaped switching signal for actuating the 
nals 15 are connected to reference potential so that switching device, said switching signal corresponding 
electrically they are arranged between the secondary 45 in time to only one of two peak amplitude values of the 
circuits 12 of the transformers 11 and the. piczo-clc- carrier signal and having a pulse width less than half the 
•ments. Since the switching devices 13 are cotiiiected to period of the carrier signal. 

reference potential at one side, the application of the 2. A circuit arrangement as claimed in claim 1, 
switching signals is simpler because a transformer is not wherein the signal conversion stage comprises a sup- 
required. The switching signals for actuating the two 50 pressed-carrier amplitude-modulator, 
switching devices 13 arc generated in a single pulse- 3. A circuit arrangement as claimed in claim 2, 

shaper stage 20 whose input 21 is also connected to the wherein the amplitude modulator comprises a ring 
output 17 of the oscillator 18. The pulse-shaper stage 20 modulator. 

comprises two outputs 22 and 22', at which the pulse- 4. A circuit arrangement as claimed in claim 1 includ- 
shaped switching signal is available in phase opposition. 55 ing means for tuning the transformer to parallel rcso- 
The switching devices 13 are similar to the version nance at the frequency of the fundamental wave of the 
shown in FIG. 7, a switching device comprising the carrier signal. 

parallel arrangement of a tran.sistor 45 or 46 with a 5. A circuit arrangement as claimed in claim 1. char- 
diode 47 or 48 arranged in scries with its collector. Tlie acterized in that the oscillator supplies a sincwavc sig- 
transistors 45, 46 are of opposite conductivity types and 60 nal. 

the two diodes 47, 48 are poled in the forward direction 6. A circuit arrangement as claimed in claim 1, char- 
relative to the relevant transistor 45 or 46 and are con- acterized in that the oscillator supplies a sawtooth sig- 
nected to one end of the secondary circuit 12 of the nal. 

transformer 11 associated with the relevant piczo-ele- 7. A circuit arrangement as claimed in claim 6, char- 
ment, the other end of said secondary being coimected 65 acterized in that the oscillator supplies a symmetrical 
to said piezo-element. In addition, the two transistors 45 sawtooth signal. 

and 46, to whose bases the switching signal is applied in 8. A circuit arrangement as claimed in claim 1, 
phase opposition from the outputs 22 and 22' of the wherein the pulse width of the switching signal for 
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actuating the switching device is of the order of magni- positions a recording or reproducing head in relation to 
tude of one tenth of the penod of the carrier signal. an information track comprising: means for applying a 

9. A circuit arrangement as claimed in claim 1, char- control signal representative of a positional error to an 
actenzed in that for generating an actuating voltage for amplitude modulator stage, means for supplyine an 
each of at least two piezo-electric elements of a corre- 5 output signal of the modulator stage to a primary circuit 
spending number of positioning devices there is pro- of a transformer, means coupling the piezo-electric 
vided an amplitude modulator, a transformer and a element to a secondary circuit of said transformer via a 
switching device and for generating a carrier signal for bipolar switching device, means for actuating the bipo- 
all of the amplitude modulators there is provided a lar switching device with a switching signal having a 
smgle oscillator and for generating a switching signal 10 specific relation to the output signal of the modulator 
for the actuation of all of (he switching devices there is stage, an oscillator for applying a periodic carrier sicnal 
provided a smgle pulse-shaper stage. to said amplitude modulator stage, said carrier signal 

10. A circuit arrangement as claimed in claim 9 having a higher frequency than the comrol signal, and a 
wherem each switching device comprises the parallel pulse-shaper stage responsive to said carrier sienal for 
arrangement of two transistors each with a diode in 15 actuating the switching device with a periodic pulse- 
senes with its collector, the two transistors being of shaped switching signal that corresponds in time to only 
opposite conductivity types and the two diodes being one of two peak amplitude values of the carrier signal 
poled m the forward direction relative to the relevant and has a pulse width less than half of the period of the 
transistor and being connected to one end of the second- carrier signal. 

ary of the transformer associated with a relevant piezo- 20 14. A circuit as claimed in claim 13 for generating an 
electnc element, said piezo-electnc element being con- actuating voltage for a second positioning device with a 
nected to the other end of said secondary, characterized second piezo-electric element, said circuit further com- 
m that the two transistors have bases which receive the prising: a second amplitude modulator stage having an 
switchmg signal m phase opposition and the two transis- input for receiving a control signal representative of a 
tors are common to all of the switching devices, and 25 positional error, means for coupling an output signal of 
two separate diodes are provided for each of the switch- the second modulator stage to a primary circuit of a 
mg devices, all diodes which are poled in the same second transformer, second means for coupling the 
direction each being arranged in series with the collec- second piezo-electric element to a secondary circuit of 
tor of the relevant transistor. the second transformer via a second bipolar switching 

U. A circuit arrangement as claimed in claim 1 30 device, and means for applying the periodic carrier 
wherein the switching device includes a triac whose signal of said oscillator to the second modulator stage 
hold current is larger than the maximum current which and the periodic pulse-shaped switching signal of said 
flows through the tnac when the piezo-electric element pulse-shaper stage to the second switching device to 
is actuated.^ actuate said second switching device. 

12. A circuit arrangement as claimed in claim 1 35 15. A circuit as claimed in claim 13 further compris- 
wherem the switching device includes a bridge-rectifier ing a capacitor coupled to the transformer so as to tune 
cu-cuit having one diagonal arranged between the sec- the transformer to parallel resonance at the fundamental 
ondary of the transformer and the piezo-electric ele- frequency of the oscillator carrier signal. 

ment and whose other bridge diagonal includes a tran- 16. A circuit as claimed in claim 13 wherein the am- 
sistor driven by the switching signal. 40 plitude modulator comprises a suppressed carrier arapli- 

13. A circuit for generating an actuating voltage for a tude modulator, 
piezo-electric element of a positioning device which • • « • ♦ 
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